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(54) Improved LED efficiency using photonic crystal structure

(57) A photonic crystal light emitting diode ("PX-
LED") is provided. The PXLED includes a periodic struc-
ture, such as a lattice of holes, formed in the semicon-
ductor layers of an LED. The parameters of the periodic
structure are such that the energy of the photons, emit-
ted by the PXLED, lies close to a band edge of the band
structure of the periodic structure. Metal electrode lay-
ers have a strong influence on the efficiency of the PX-
LEDs. Also, PXLEDs formed from GaN have a low sur-
face recombination velocity and hence a high efficiency.

The PXLEDs are formed with novel fabrication tech-
niques, such as the epitaxial lateral overgrowth tech-
nique over a patterned masking layer, yielding semicon-
ductor layers with low defect density. Inverting the PX-
LED to expose the pattern of the masking layer or using
the Talbot effect to create an aligned second patterned
masking layer allows the formation of PXLEDs with low
defect density.
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The present European patent application comprised at the time of filing more than ten claims.

I:I Only part of the claims have been paid within the prescribed time limit. The present European search
report has been drawn up for the first ten claims and for those claims for which claims fees have
been paid, namely claim(s):

D No claims fees have been paid within the prescribed time limit. The present European search report has
been drawn up for the first ten claims.

LACK OF UNITY OF INVENTION

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

see sheet B

All further search fees have been paid within the fixed time limit. The present European search report has
been drawn up for all claims.
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As all searchable claims could be searched without effort justifying an additional fee, the Search Division
did not invite payment of any additional fee.
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Only part of the further search fees have been paid within the fixed time limit. The present European
search report has been drawn up for those parts of the European patent application which relate o the
inventions in respect of which search fees have been paid, namely claims:

[l

I::] None of the further search fees have been paid within the fixed time limit. The present European search
report has been drawn up for those parts of the European patent application which relate to the invention
first mentioned in the claims, namely claims:
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-56
see below
1.1. claims: 1-24

an LED comprising: a semiconductor layer which has a
periodically varying thickness and electrode layers

1.2. claims: 25-46

an LED comprising a semiconductor layer which has a
periodically varying thickness

1.3. claims: 47-56

a method of making an LED, said method comprising a step of
providing a photosensitive layer on top of an electrode
layer, said photosensitive layer having a lattice of holes

2. claims: 57-74

a method of making an LED, comprising a step of providing a
masking layer on top of a substrate, said masking layer
having a lattice of holes.

3. claims: 75-92

a method of making an LED, comprising a step of

- providing a masking layer on top of a substrate, said
masking layer having a lattice of openings, and

- providing semiconductor layers on on said masking layer,
and

- providing a photosensitive Tayer on said semiconductor
layers, and

- a step of exposing the pohotosensitive layer to light from
the direction of said substrate.

Please note that all inventions mentioned under item 1, although not
necessarily linked by a common inventive concept, could be searched
without effort justifying an additional fee.
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